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Case Report

Untangling a cat’s cradle: Diphacinone, acetaminophen, trauma, and
multiple deaths in a Kentucky cat colony
Megan C. Romano *, Uneeda K. Bryant, Lynne M.C. Cassone, Jennifer G. Janes,
Michelle N. Helm, Kyle A. Francis
University of Kentucky Veterinary Diagnostic Laboratory, PO Box 14125, Lexington, KY, 40512-4125, United States
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This manuscript describes an animal cruelty investigation in which several cats from a feral colony were sus
pected of having been poisoned. Three of the cats were submitted for complete postmortem examination by a
qualified veterinary pathologist, and appropriate toxicologic analyses were selected and interpreted by a qual
ified veterinary toxicologist. Diagnosis in poisoning cases requires communication and collaboration between the
pathologists and the toxicologist. A truly definitive diagnosis is not always possible in poisoning cases, partic
ularly in a forensic investigation – a court of law requires a higher standard to establish a cause of death than do
routine diagnostic cases. This case series illustrates the importance of a thorough diagnostic workup in forensic
animal death investigations.

Introduction

Case presentations and postmortem examinations

Forensic animal death investigations may be necessary in a variety of
situations, including civil litigation, regulatory cases, insurance in
vestigations, and criminal investigations (e.g., animal cruelty and
wildlife crime). Poisoning is often suspected, particularly when a large
number of animals are affected and/or there is no external evidence of
trauma.
Confirming a diagnosis in medico-legal poisoning cases requires
thorough postmortem examination by a qualified veterinary patholo
gist, careful review of the entire case history, ruling out of other causes
of disease or illness, interpretation of toxicologic analyses, and inter
pretation of the entire case as a whole, ideally by a qualified veterinary
toxicologist [1].
This report describes in detail a forensic investigation into the deaths
of several cats within an established feral colony. The colony resides in
and around a residential neighborhood where a resident had reportedly
threatened to poison the cats. Local police and animal control services
were contacted when multiple cats died over a span of a week.

Cat 1
A 5-month-old neutered male domestic shorthair kitten was found
with apparent facial trauma and presented to a veterinarian. There was
moderate periorbital swelling and bruising around the left eye, but the
left cornea was negative to fluorescein staining. An upper left deciduous
molar was chipped. No other abnormalities were detected on physical
examination. The kitten was treated symptomatically with subcutane
ous meloxicam (0.25 mg) and cefovecin (16 mg). Antibiotic ophthalmic
ointment (unspecified) was applied to the left eye, and the kitten was
placed under observation. The kitten remained stable for several hours,
then became acutely dyspneic and obtunded with very pale mucous
membranes. Radiographs revealed fluid in the thoracic cavity. Flow-by
oxygen therapy was initiated, but the kitten rapidly decompensated and
died. Postmortem thoracocentesis yielded approximately 16 mL
unclotted blood. The kitten was submitted to the University of Kentucky
Veterinary Diagnostic Laboratory (UKVDL) for postmortem
examination.
Gross examination
The kitten was in good postmortem condition. The left upper molar
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was chipped. A 7cm × 3cm area of focal bruising was identified in the
abdominal wall subcutis. Clotted and unclotted blood filled the left
orbit. Approximately 60 mL of unclotted blood was free within the
thoracic cavity. A fairly well organized blood clot (12cm × 6cm x 1 cm)
occupied the middle to caudal regions of the thoracic cavity. Another
blood clot (4cm × 3cm x 2 cm) expanded the cranial mediastinum.
Locally extensive areas of the lungs were collapsed. Moderate abdominal
hemorrhage was localized to the root of the mesentery. Diffusely, the
liver was pale tan. The stomach contained only bile stained fluid. In
testinal contents were normal. No other gross lesions were observed.

Gross examination
Grossly, the kitten was in fair body condition with good postmortem
preservation. Manipulation of the head and neck revealed instability and
multiple palpable fractures within the caudal aspect of the skull. There
was a moderate amount of blood within the left ear. The occipital pro
tuberance had a comminuted fracture with hemorrhage over the cere
bellum and brainstem. Hemorrhage was also overlying the dorsolateral
aspect of the right cerebral hemisphere. The thoracic and abdominal
cavities contained free clotted and unclotted blood. The left cranial lung
was bruised. Loops of small intestine protruded through a traumatic
diaphragmatic hernia (left crus) into the thoracic cavity, displacing
thoracic viscera dorsally. The stomach, small intestine and cecum con
tained multiple roundworms. A long blade of grass was in the distal
esophagus and another was within the rectum. No other gross lesions
were observed.

Histologic examination
The conjunctiva and periorbital tissues of the left eye were expanded
by multifocal regions of moderate to marked hemorrhage with admixed
fibrin. Moderate hemorrhage was present within the pancreas and
scattered across the mesenteric adipose tissue. There was locally
extensive atelectasis of pulmonary alveolar spaces with a small focus of
alveolar hemorrhage observed on one tissue section. Scattered bile duct
stasis was observed. No significant lesions were present in the brain,
heart, kidney, spleen or gastrointestinal tract.

Histologic examination
Histologic examination revealed multifocal, mild to moderate
meningeal hemorrhage; multifocal, mild to moderate alveolar hemor
rhage; and numerous cross sections of nematodes and nematode ova
within the intestinal lumen. No significant lesions were present in the
heart, liver, kidney, pancreas, spleen, thymus, or stomach.

Other diagnostics
Aerobic cultures of the liver and lungs were negative. Fecal parasite
examination revealed a few roundworm eggs (Toxocara spp.).
Toxicologic analysis
Liver was analyzed quantitatively for anticoagulant rodenticides
(ACRs) via liquid chromatography-tandem mass spectrometry (LC–MS/
MS).

Pet food examination
Submitted pet food included dry kibble (one small plastic container
and one large metal bowl) and pate-style wet food (one small plastic
container and several styrofoam trays). Both dry kibble samples
appeared normal and contained no unusual items. All wet food samples
contained numerous semisolid white objects. Some of the objects were
round (approximately 1 cm diameter) and some were misshapen. All
appeared partially or mostly dissolved. No other unusual items were
visible.

Cat 2
An adult neutered male domestic shorthair cat was witnessed being
struck by an automobile and was presented dead on arrival (DOA) to the
county animal control facility. The cat was submitted to UKVDL for
postmortem examination due to the ongoing investigation into potential
malicious poisoning of the cat colony.

Toxicologic analysis
Liver and wet food samples were analyzed quantitatively for ACRs
via LC–MS/MS. Untargeted qualitative organic compound screening was
performed on wet food samples, stomach contents, liver, and kidney via
gas chromatography-mass spectrometry (GC–MS).

Gross examination
Grossly, the cat was in good body condition and autolysis was mild.
The left ventrolateral thoracic and abdominal body wall was extensively
contused. Internally, partial avulsion of the ventral diaphragm was
discernible. Approximately 30 mL of clotted blood was free in the
abdominal cavity. The caudal mediastinum was moderately hemor
rhagic. The stomach and urinary bladder were empty. Feces were grossly
normal. No other gross lesions were observed.

Analytical methods
Anticoagulant rodenticides via LC–MS/MS
Liver and wet food samples were analyzed for 8 anticoagulant ro
denticides (ACRs - brodifacoum, bromadiolone, chlorophacinone, cou
machlor, dicoumarol, difethialone, diphacinone, and warfarin) using a
previously-described LC–MS/MS method [2]. Briefly, 1 g subsamples
were minced and homogenized in a 50 mL polypropylene centrifuge
tube with a 9.5 mm stainless steel ball bearing (2010 Geno/Grinder,
SPEX SamplePrep) for 5 min at 650 rpm. Previously analyzed homoge
nized ovine liver (HOL) devoid of anticoagulant rodenticides served as a
negative control. Positive controls were HOL aliquots overspiked (50
and 1000 ng/g) with a mixed standard stock solution (10 μg/mL each
brodifacoum, bromadiolone, chlorophacinone, difethialone, diphaci
none, and warfarin [US EPA National Pesticide Repository] and
10 μg/mL each coumachlor and dicoumarol [Sigma-Aldrich]). Seven
matrix-matched calibrants were prepared from HOL aliquots spiked
with appropriate volumes of the same stock solution.
Diagnostic samples, calibrants, and control liver homogenates were
treated in the same manner. Homogenates were extracted in 6 mL 10 %
methanol in acetonitrile on a reciprocating shaker (MaxQ 2500, Thermo
Fisher Scientific) for 30 min, and the tubes were centrifuged at 1800 g
for 5 min (Sorvall Legend RT+, Thermo Scientific). Extracts were

Histologic examination
Severe, acute hemorrhage was present within the diaphragm and
mesentery. Mild, unilateral arcuate hemorrhage was present in the left
kidney, and there was marked bile duct stasis within the liver. No sig
nificant lesions were present in the brain, heart, lung, pancreas, spleen,
or gastrointestinal tract.
Toxicologic analysis
Liver was analyzed quantitatively for ACRs via LC–MS/MS.
Cat 3
A 6-month-old domestic shorthair kitten was observed being struck
by an automobile and was presented DOA to the county animal control
facility. Several dishes of pet food suspected of being poisoned were also
brought to animal control. The kitten and the suspicious food samples
were submitted to UKVDL for postmortem examination and toxicologic
testing of the food.
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transferred to QuEChERS dispersive-solid phase extraction (d-SPE) tubes
containing 175 mg MgSO4, 100 mg Florisil, 50 mg alumina basic, and
50 mg primary secondary amine (UCT Technologies). Tubes were vor
texed, rotated on a tube mixer for 30 min, and centrifuged at 1800 g for
5 min (Sorvall Legend RT+, Thermo Scientific).
Supernatant was decanted into 15 mL polypropylene centrifuge
tubes and evaporated to dryness via nitrogen at 45 ◦ C (XcelVap, Horizon
Technology and/or N-EVAP III, Organomation). The residue was
reconstituted in 1 mL LC/MS-grade methanol, vortexed, and sonicated
(FS-30, Fisher Scientific) for 5 min. Extracts were filtered through 0.22
μM PTFE, 13 mm diameter syringe filters (Restek) and into silanized
glass autosampler vials.
Extracts were analyzed by ultra-high pressure liquid chromatog
raphy (UltiMate 3000 Thermo Fisher Dionex) coupled with tandem mass
spectrometry (TSQ Quantum Access Max, Thermo Scientific) utilizing
heated electrospray ionization (HESI) in negative ion mode. Separation
was achieved via a C18 analytical column (UNIGUARD Defender;
Accucore, 2.6 μm, 2.1 mm x 100 mm, Thermo Scientific) fitted with a
C18 guard cartridge (UNIGUARD Defender Accucore, 2.6 μm,
2.1 mm x 10 mm, Thermo Scientific). Column temperature was 25 ◦ C.
Mobile phases were aqueous 0.01 M ammonium acetate (pH adjusted to
9 with ammonium hydroxide; eluent A) and LC/MS-grade methanol
(eluent B) with a flow rate of 0.300 mL/min.

food samples. No analytes of interest were detected on GC/MS analysis
of stomach contents, liver, or kidney of Cat 3.

Organic compound screening via GC–MS

Discussion

Wet food, liver, and kidney were analyzed by GC–MS (qualitative)
using a previously described method modified for use in our laboratory
[3]. Briefly, a 1 g representative subsample was weighed into a dispos
able glass scintillation vial and 5 mL 5% ethanol in ethyl acetate was
added. Liver and kidney tissues were minced prior to weighing, and
approximately 0.20 g diatomaceous earth (Celite) was added to the vials
prior to adding the 5 mL 5% ethanol in ethyl acetate. Negative controls
were prepared by adding 5 mL 5% ethanol in ethyl acetate to empty
glass scintillation vials. The vials were capped, vortexed, gently agitated
on a reciprocating shaker (MaxQ 2500, Thermo Fisher Scientific) for
20 min, and centrifuged (Sorvall Legend RT+, Thermo Scientific) at
1800 g for 5 min. Extracts were transferred via disposable glass pipette
to silanized glass autosampler vials for analysis.
GC–MS analysis was conducted on an Agilent 7890A GC fitted with
an RXi-5 ms; 30 m x250 μm column (Restek) coupled with an Agilent
5975C mass selective detector utilizing electron ionization (70 eV). In
jection was a 1:10 split with an inlet temperature of 250 ◦ C, an injection
volume of 1 μL, and septum purge flow of 3 mL/min. The carrier gas was
helium set at a constant 1 mL/min flow rate. The oven temperature
program was as follows: 0–1 min: 50 ◦ C; 1–25 min: ramping to 300 ◦ C at
a rate of 10 ◦ C/min; 25–26 min: ramping to 325 ◦ C at a rate of 25 ◦ C/
min; and 26–31 min: holding at 325 ◦ C. The MS transfer line, source, and
quadrupole temperatures were set to 300 ◦ C, 230 ◦ C, and 300 ◦ C,
respectively, with the instrument scanning within the mass range of m/z
45–600. Individual peaks were discovered and identified using the
Chromatographic Deconvolution algorithm (MassHunter 10.0, Agilent)
followed by comparison to a NIST spectral library.

Definitive diagnosis of poisoning cases can be challenging, particu
larly in veterinary species. Clinical signs and postmortem lesions are
often nonspecific and consistent with a variety of toxicologic and nontoxicologic diseases. In this case series for example, although signifi
cant hemorrhage was identified on postmortem examination of all 3
cats, ACR poisoning is just one of many possible causes. Disruption of
vascular integrity by trauma, or by an infiltrative or erosive process (e.
g., neoplasia, abscess, ulceration) can be identified on postmortem ex
amination by a qualified veterinary pathologist [4]. Likewise, patholo
gists can identify lesions consistent with liver disease, biliary
obstruction, disseminated intravascular coagulation (DIC), pit viper
envenomation, and other systemic illnesses that can cause secondary
hemostatic disorders. Certain hemostatic disorders, such as thrombo
cytopenia, platelet dysfunction, and congenital coagulopathies, may not
produce characteristic lesions. Information about the animal, including
species, breed, age, sex, and other factors can be used to determine
whether any of these disorders are likely [5].
Toxic doses of diphacinone are species-specific and toxic liver con
centrations are not well-characterized in veterinary species [6]. It is
important to note that diphacinone exposure is not always synonymous
with clinical toxicosis. Diagnosing clinical toxicosis also requires
demonstration of abnormal hemostasis. In live animals, prothrombin
time (PT) and activated partial thromboplastin time (aPTT) can be used
to evaluate hemostasis; delayed hemostasis will result in prolonged
clotting times [7]. Unfortunately, these analyses cannot be performed
postmortem. In postmortem examination, the presence of unclotted
blood in a body cavity raises the index of suspicion for abnormal he
mostasis, as observed in Cat 1. Cat 2 had sustained more extensive
trauma, and the large amount of blood present was clotted. In the
absence of additional coagulation assessments, it is not possible to
determine whether diphacinone exposure exacerbated the traumatic
hemorrhage in this cat.
Pet food samples suspected of containing diphacinone were sub
mitted to UKVDL for ACR analysis. Although ACR screens were negative,
gross examination of the pet food revealed large numbers of partiallydissolved tablets. Additional testing was requested by the toxicologist,
and the tablets were identified as acetaminophen. Acetaminophen is a
widely available over-the-counter human pain and fever medication.
When administered to cats in large enough doses, acetaminophen causes
severe hemolytic anemia [8,9]. Based on the wet food results,

Diagnosis
Cat 1
Postmortem findings and analytical test results were compatible with
diphacinone poisoning resulting in coagulopathy and fatal hemorrhage
from minor trauma.
Cat 2
Postmortem findings and analytical test results support a diagnosis of
trauma and concurrent diphacinone exposure. Diphacinone exposure
may have increased blood coagulation time, exacerbating hemorrhage
due to the traumatic incident, but this cannot be conclusively demon
strated without antemortem coagulation assessments.
Cat 3
Postmortem findings and analytical test results support a diagnosis of
death due to extensive blunt force trauma resulting in fatal hemorrhage.

Analytical results
ACRs
Diphacinone was detected in the livers of Cats 1 and 2 (1290 and
1032 ng/g wet weight, respectively). No ACRs were detected at or above
the minimum level of quantitation (MLQ, 50 ng/g wet weight for all
analytes) in Cat 3.
GC/MS
An extremely large peak of acetaminophen was detected in both wet
3
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Declaration of Competing Interest

acetaminophen analysis was also attempted on the urine of Cat 3, but the
sample volume was insufficient. Stomach contents, liver, and kidney of
Cat 3 were analyzed for acetaminophen, but none was detected. Un
fortunately, at that point, tissue samples from Cats 1 and 2 were no
longer available for further analysis. We could confirm adulteration of
the wet food with acetaminophen, but we could not confirm acetamin
ophen exposure or toxicosis in any of the cats. Other cats in the colony
may have been exposed or poisoned but were not submitted for exam
ination. Due to their discriminating eating habits, it is also possible that
none of the cats actually ingested the adulterated food.
Although medication exposures are common in companion animals,
most involve accidental exposures or misguided owners attempting to
treat their pets without a veterinarian’s advice [10,11]. Malicious
poisoning of animals with human or veterinary medications is rarely
reported, but appears to have been attempted in this case by offering the
cats food adulterated with acetaminophen.
Diagnosis of poisoning in animal death investigations requires
identification of compatible clinical signs and postmortem findings,
ruling out other possible causes of the findings, and analysis of tissues or
bodily fluids for suspected toxicants. In some cases, confirming exposure
is sufficient; in others, qualitative analysis is desirable or even required.
This case series illustrates the need for thorough animal death in
vestigations, especially in forensic cases. In animal cruelty investigations
where poisoning is suspected, appropriate sample collection and
handling extends beyond maintaining sample integrity. Failure to
collect or appropriately store necessary samples can render toxicologic
analysis impossible [12,13]. Complete postmortem examination of
deceased animals or physical examination of live animals is necessary to
interpret results of toxicologic testing. Veterinary toxicologists can
provide a wealth of advice to investigators including what samples are
appropriate for a particular analysis, how to collect and store samples,
abilities and limitations of desired analyses, and other pertinent toxi
cologic information [14]. Early collaboration between police de
partments, animal control services, and veterinary diagnostic
laboratories can greatly improve the chances of successful outcomes in
forensic animal death investigations.

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.
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